the purpose of the present study was to validate the new GRade, Age, nodes and tumor (GRAnt) score for renal cell carcinoma (Rcc) prognostication within a large population of patients. Within the Surveillance, Epidemiology, and End Results database, we identified patients with either clear-cell or papillary RCC, who underwent nephrectomy between 2001 and 2015. Harrell's C-Index, calibration plot and decision curve analysis were used to validate the GRANT model using a five-risk group stratification (0 vs. 1 vs. 2 vs. 3 vs. 4 risk factors). The primary endpoint was overall survival (OS) at 60 months. The analyses were repeated according to the histologic subgroup. The overall population included 73217 cases; 60900 with clear-cell RCC and 12317 with papillary histology, respectively. According to a fiverisk group stratification, 23985 patients (32.8%) had no risk factor (0), 35019 (47.8%) had only one risk factor (1), 13275 (18.1%) had risk score 2, 854 (1.2%) had 3 risk factors and 84 (0.1%) of cases had a GRANT score of 4, respectively. At 60 months, OS rates as determined by the GRANT score were respectively 94% (score 0) vs. 86% (score 1) vs. 76% (score 2) vs. 46% (score 3) vs. 16% (score 4). In both histologic subtypes, the GRANT score yielded good calibration and high net benefit. OS C-Index values were 0.677 and 0.650 for clear-cell and papillary RCC at 60 months after surgery, respectively. In conclusion, the GRANT score was validated with a five-risk group stratification in a huge population from the SEER database, offering a further demonstration of its reliability for prognostication in RCC.
patients and Methods
Data source. The study cohort was identified among individuals diagnosed with RCC (International Classification of Disease for Oncology C64.9) within the Surveillance, Epidemiology, and End Results (SEER) database. The SEER database collects patient demographics and publishes cancer incidence and survival data from several cancer registries. It represents a sample of ~26% from the United States population and approximates the United States overall population in terms of demographic composition, as well as of cancer incidence and mortality. Informed consent and ethical approval were not applicable for the present retrospective, population-based study. All methods were carried out in accordance with relevant guidelines and regulations. Study population. Only patients affected by renal parenchymal tumors, aged ≥18 years, and treated with partial or radical nephrectomy between 2001 and 2015 were included from the SEER database. The main inclusion criteria was histologically confirmed (International Classification of Disease for Oncology C64.9 16 ) non-metastatic (M0 at diagnosis) RCC stage pT 1-4 N any . Death certificate only, autopsy cases, and patients with bilateral tumors were excluded 16, 17 . The histological subtypes allowed for the inclusion were clear-cell RCC (ccRCC -histologic code 8310) and papillary RCC (pRCC -histologic code 8260). Further exclusion criteria consisted of unknown tumor grade, lymph node status, T classification, age and follow-up data.
Variable definition. Data on age, American Joint Committee on Cancer (AJCC 8 th edition)-based T and N stages were acquired at the time of diagnosis. Additional variables consisted of race (Black, White, Asian and other), marital status (married, never married, previously married, unknown), gender, year of surgery, socioeconomic status (low vs high), tumor grade (G1, G2, G3 and G4), histologic subtype (clear-cell and papillary) and surgical treatment (radical and partial nephrectomy). Medians and interquartile ranges, as well as frequencies and proportions, were reported for continuous and categorical variables, respectively. The statistical significance of differences in medians and proportions was evaluated with the Kruskal-Wallis and χ 2 tests.
Statistical analyses.
The aim of the study was the validation of the GRANT score in an independent real-life dataset. The parameters for the calculation of the score were the subsequent: Tumor Grade 1-2 vs. 3-4, Age ≤60 years vs. >60 years, pN 0 -N X vs. pN 1 , pT 1 -T 3a vs. all others (any pT 3b , pT 3c , pT 4 ).
Patients were given one point for each of age >60 years, tumor grade >2, pathologic T-stage of pT 3b , pT 3c or pT 4 , and pathologic N-stage other than N 0 or N X , with a resulting score ranging from 0 to 4 13 .
In the first step of our analyses, we validated the GRANT score using the five-risk group stratification (0 vs. 1 vs. 2 vs. 3 vs. 4 risk factors), within the overall population. In the second step, we validated the GRANT score (using the five-risk group stratification) within the two histologic patient subgroups, respectively clear-cell and papillary RCC. In all analytical steps, the Kaplan-Meier method was used to plot OS rates by risk groups, in order to graphically explore the OS rate differences between the GRANT groups. The validation of the GRANT score was further investigated through the development of a Cox-based model for prediction of 60-month mortality rates after surgery. Such model was internally developed within the SEER population (Online Resource, Supplementary Table 1 ). Subsequently, the performance of the model was assessed in terms of discrimination, using the Harrell's c-index 18 . Furthermore, calibration plots 19 and decision curve analysis (DCA) 20 were generated based on predicted probabilities derived from the use of the GRANT score, with internal development. Calibration was assessed in terms of departures from ideal agreement between predicted and observed probabilities. Similarly, the net benefit derived from the use of the GRANT score within the SEER population was described with the DCA analysis in terms of net benefit (Y axis) from the "treat-all" and "treat-none" option. All the statistical tests were two-sided with a level of significance set at P < 0.05. The analyses were performed using the R software environment for statistical computing and graphics (version 3.3.0). 
Results
Study population. The selection process resulted in 73217 patients included in the analysis ( Fig. 1 ). Of them, 23985 (32.8%), 35019 (47.8%), 13275 (18.1%), 854 (1.2%) and 84 (0.1%) patients had a GRANT score of 0, 1, 2, 3 and 4, respectively. The characteristics of patients were listed in Table 1 .
GRAnt score validation within the overall cohort. At 60 months, OS rates by 5 risk groups as determined by the GRANT score were 94% (score 0) vs. 86% (score 1) vs. 76% (score 2) vs. 46% (score 3) vs. 16% (score 4), respectively ( Fig. 2 ). OS C-Index value was 0.672 at 60 months. According to the calibration plot, we had small departures from ideal agreement between predicted and observed probabilities. Here, the GRANT score appeared to slightly underpredict the risk of mortality at 60 months compared to the actual 60-month mortality rates that we have registered within the SEER population. DCA illustrated the net benefit of the model, which was higher than the "treat-all" and "treat-none" options at threshold probabilities above 10% and below 50% (Fig. 3 ).
GRANT score validation within clear-cell and papillary patient sub-cohorts. Overall, 60900 and 12317 patients had clear-cell and papillary histology, respectively. Among clear-cell RCC cases, 20424 (33.5%), 28985 (47.6%), 10726 (17.6%), 703 (1.2%) and 62 (0.1%) patients respectively had a GRANT score of 0, 1, 2, 3 and 4. Otherwise, 3561 (28.9%), 6034 (49%), 2549 (20.7%), 151 (1.2%) and 22 (0.2%) papillary RCC patients had a GRANT score of 0, 1, 2, 3 and 4, respectively.
Stratified OS rates by risk score within the histologic subgroups are shown in Supplementary Fig. 1 (Online Resource). OS C-Index values were respectively 0.677 and 0.650 for clear-cell and papillary RCC at 60 months after surgery. Calibration plots and DCA for clear-cell and papillary RCC patients were showed in Supplementary  Fig. 2 and Supplementary Fig. 3 (Online Resource). 
Discussion
In the development of predictive algorithms, there is often a compromise between predictive accuracy and easiness of use. Whereas adding more variables and data can increase the accuracy of a prognostic model, beyond a certain limit it also increases the complexity, without significantly improving the predictive ability of the tool 11 . The everyday employment of validated nomograms in clinical practice is unusual, maybe due to the complexity in the score calculation and to the possible lack of the required data. The GRANT score, especially when compared to other models, is easy to calculate. The four required parameters are almost always available for nephrectomized patients, including a simple demographic element (age) and common histopathological data.
The major strength of the present study is represented by the huge validation sample, with the full representation of all risk categories. Contrariwise to the original validation setting, given by a trial of adjuvant therapy 13 , the present population is inclusive of low risk patients (e.g. T1, N0, G1 tumors). This element can explain the even better performance of the GRANT score with a five-risk group stratification (C-Index 0.672 at 60 months), beyond its original version with the two-risk group stratification 13 . The current validation of this alternative use of the score provides a reliable and useful prognostication tool for unselected surgical patient populations.
A further improvement, compared to the previous validation setting, is represented herein by the use of the TNM 8 th edition. Indeed, the TNM classification has been modified overtime: in the 6 th TNM edition (2002), pT3a was defined as the extension to 'perinephric tissue, renal sinus or contiguous into adrenal gland' (renal vein involvement implied T3b), while in the 7 th TNM (2010) it included 'perinephric tissue, renal sinus or renal vein' (the adrenal gland involvement was defined as T4) 2, 21 . Additionally, in the 8 th TNM system, the invasion of pelvic-caliceal system was included among T3a. Similarly, pN classification was changed overtime. In the last two editions of the TNM, pN2 was eliminated and patients with regional nodal metastases were identified as N1, regardless of their number or site 22 . This update actualizes the GRANT score for the current clinical use in a real-life setting.
Moreover, the long follow-up of this patient population allowed to show that the curves of each risk group maintain separation over the fifth year after surgery, representing a not negligible advantage of the model, considering that at least 22% of the relapsing patients have their recurrence more than 5 years after nephrectomy 23 .
The present work finally offers a usable clinical tool for a relevant subgroup of non-clear cell RCC, since the GRANT model is now one of the few specifically validated in a wide papillary RCC population. Indeed, it shows www.nature.com/scientificreports www.nature.com/scientificreports/ valuable discrimination and good calibration also within this subgroup (0.650 C-Index), with comparable results to those of the clear-cell patient subgroup.
A consideration is due about the only clinical factor that distinguish the GRANT score from the majority of the other nomograms. The "age" parameter, apparently abused for cancer patient selection and counseling in the everyday clinical practice, is inexplicably trapped in the field of prognostication. Despite age may obviously represent an independent prognostic element, even for healthy individuals (the greater the age, the greater the risk of dying), it has been previously included within only one prognostic model 24 . Its inclusion could be crucially timely, especially in the field of the new anticancer immunotherapy, on a hand considering the potentially negative prognostic weight of an older age, on the other taking into account the usability of immune checkpoint inhibitors in the elderly, with the opportunity to prolong survival irrespective of age 25 .
The limitations of the present study are represented by the retrospective nature, the relatively low C-Index (despite it was comparable to those of previous similar models by the literature 4-10 ), the sub-optimal extent of the median follow-up and the lack of data in terms of DFS.
The choice of validating the GRANT score with a five-risk group stratification was due both to the aim to test the score in a real-world population (including low risk patients) and to the expected potentially significant prognostic impact of the number of single risk factors used for allocating patients in cumulative-risk groups, similar to what happens in the case of other prognostic models for metastatic RCC 26 . On the other hand, it is known that the prognostic weight of each single factor included in a model is largely unreliable 24 . The reliability of a score for a true prognostication is based on the concept that the final effect of all the parameters is greater than the sum of the single factors' weight.
conclusions
The GRANT score was successfully validated with a five-risk group stratification in a huge RCC patient population from the SEER database. This successful application of the GRANT model represents an additional demonstration of its validity, combining easiness of calculation and reliability of prognostication for surgically treated RCC patients. 
